Cerebral blood flow (CBF, by laser Doppler flowmetry) and extracellular cortical concentrations (by microdialysis) of adenosine, inosine, xanthine, hypoxan thine, and lactate were measured together with somato sensory evoked potentials (SEP) in chloralose-anaes thetized spontaneously hypertensive rats (SHR) during relative cerebral ischemia induced by hypotensive hem orrhage. Reduction of mean arterial blood pressure (MABP) to 40-50 mm Hg, which decreased SEP to about 50% of pre bleeding control level, decreased CBF only to about 75% of control due to cerebrovascular "auto regUlation." A secondary, marked rise in cerebrovascular resistance (CVR) occurred after about 15 min in parallel with a striking increase in heart rate (after initial brady cardia). This late rise in heart rate is probably elicited by relative ischemia in medullary centers. The increase in CVR might indicate increased sympathetic nerve activity Several studies (Hagberg et aI., 1983, Wennberg et aI., 1983, Skarphedinsson et aI., 1986 have indi cated that tissue perfusion is more reduced in spon taneously hypertensive rats (SHR) than in nor motensive Wi star Kyoto rats (WKY) after blood loss, presumably because of the extensive struc tural and functional changes known to be concom itant with arterial hypertension (Folkow, 1982) . Ce rebral vessels of SHR thus show a wall hypertrophy associated with some reduction of the inner radius,
Summary: Cerebral blood flow (CBF, by laser Doppler flowmetry) and extracellular cortical concentrations (by microdialysis) of adenosine, inosine, xanthine, hypoxan thine, and lactate were measured together with somato sensory evoked potentials (SEP) in chloralose-anaes thetized spontaneously hypertensive rats (SHR) during relative cerebral ischemia induced by hypotensive hem orrhage. Reduction of mean arterial blood pressure (MABP) to 40-50 mm Hg, which decreased SEP to about 50% of pre bleeding control level, decreased CBF only to about 75% of control due to cerebrovascular "auto regUlation." A secondary, marked rise in cerebrovascular resistance (CVR) occurred after about 15 min in parallel with a striking increase in heart rate (after initial brady cardia). This late rise in heart rate is probably elicited by relative ischemia in medullary centers. The increase in CVR might indicate increased sympathetic nerve activity Several studies (Hagberg et aI., 1983 , Wennberg et aI., 1983 , Skarphedinsson et aI., 1986 have indi cated that tissue perfusion is more reduced in spon taneously hypertensive rats (SHR) than in nor motensive Wi star Kyoto rats (WKY) after blood loss, presumably because of the extensive struc tural and functional changes known to be concom itant with arterial hypertension (Folkow, 1982) . Ce rebral vessels of SHR thus show a wall hypertrophy associated with some reduction of the inner radius, to the circle of Willis and large cerebral arteries. Cortical lactate increased initially but started to decline after about 30 min, and after 2 h it was not significantly higher than control. Cortical adenosine, inosine, hypoxanthine, and xanthine increased slowly and were significantly el evated after 50 min of hemorrhage. After 80 min, adeno sine and inosine had returned to initial levels, while hypo xanthine and xanthine were further elevated. Despite the apparent partial recovery of metabolic disturbances dur ing late hemorrhage, and with a blood flow maintained at 75% of resting control, SEP did not improve. It is sug gested that the depression of SEP is not primarily caused by circulatory-metabolic derangements, but instead by activation of specific inhibitory systems. Key Words: Brain-Ischemia-Lactate-Laser Doppler flowmetry Purine catabolites-Somatosensory evoked potentials. thereby increasing the wall-to-lumen ratio (Nord borg and Johansson, 1979, 1980) . This implies an increased resistance to flow, even at maximal va sodilatation, which makes SHR much more suscep tible to hypotension and consequent cerebral isch emia, e.g., after hemorrhage, than normotensive rats (Nakatomi et aI., 1981; Wennberg et aI., 1983; Skarphedinsson et aI., 1986) .
Normal cerebral function is intimately related to adequate blood supply and metabolism. Studies on the relationship between cerebral function and blood flow indicate that considerable decreases in blood supply can be tolerated. However, there is a certain "threshold" beyond which further decrease of blood supply leads to gradually impaired function (transmission failure) and finally to gross functional failure and ultrastructural cell damage (membrane failure) associated with extensive ion leakage (Bri erley et aI., 1969; Meldrum and Brierley, 1969; Branston et aI., 1974; Astrup et aI., 1977; Gregory et aI., 1979) . Information from these and other stud ies (see Astrup, 1982; Symon, 1985) clearly indi cates that there is a fairly narrow gap between these two critical flow levels where transmission and membrane failure occur, respectively. Thus, in fo cal ischemia the core of infarction is surrounded by a region ("zone of penumbra" ) where blood flow is so low that neurons are functionally inactive but still viable ("sleeping beauties ").
In a previous study (Skarphedinsson et aI., 1986) , we examined how hypotensive hemorrhage affected cerebral function in SHR, as measured by somato sensory evoked potentials (SEP). When sufficiently bled, chloralose-anesthetized rats respond with pro nounced bradycardia and inhibition of renal sympa thetic nerve activity (SNA) which are induced re flexly via vagal afferents . In SHR, these responses were accompanied by a mod erate attenuation of SEP amplitudes, but after about 20 min of hypotension both the cardiac and the sympathetic responses were reversed and often reached higher levels than before hemorrhage. In parallel with these cardiovascular "excitatory" re sponses, the SEP amplitudes were further de creased if pressure was kept constant at the low level. This delayed phase of cardiovascular excita tion in SHR probably reflects the very powerful "cerebral ischemic response" elicited from bulbar centers (M'Dowall, 1933; Guyton, 1948) and may turn into a vicious cycle by also constricting the cerebral resistance vessels and thus aggravate the relative ischemia if arterial pressure does not simul taneously rise. By increasing arterial pressure somewhat (by partial retransfusion), we were able to reach a level where a fairly stable state of atten uated SEP was obtained. This model of relative ce rebral ischemia, with partially impaired cerebral function (transmission failure), we have then used to study the effects of various drugs on cerebral function in this situation Thoren, 1986, 1988; Skarphedinsson et aI., 1988a) .
So far, our only indication of cerebral ischemia has been the attentuated SEP. It would, therefore, be of interest to measure also cerebral blood flow and brain levels of metabolites known to accumu late during cerebral ischemia, and to relate these to the observed changes in SEP. Of special interest here is how these parameters change in relation to the described changes in heart rate and sympathetic activity seen in SHR in the course of sustained hem orrhagic hypotension. In the present study, we have studied this, first, by means of the laser-Doppler technique, allowing continuous recording of cere bral blood flow and its changes (Nilsson et aI., 1980a,b; Skarphedinsson et aI., 1988b) , and, sec ond, by means of a microdialysis technique (Del gado et aI., 1972; Ungerstedt, 1984) , reflecting cere brocortical extracellular changes of lactate and the purine catabolites adenosine, inosine, hypoxan thine, and xanthine known to accumulate during ischemia (Siesj6, 1978; Hagberg et aI., 1987) .
MATERIALS AND METHODS
Three groups of adult male spontaneously hypertensive rats (250-350 g SHR, M6llegaard Breeding Centre, Den mark) were used. In all groups, mean arterial blood pres sure (MABP), heart rate (HR) and somatosensory evoked potentials (SEP) were recorded. In addition, cerebral blood flow was measured in one group (CBF-group, n = 17), extracellular cortical concentrations of purine catab olites in another group (PC-group, n = 15), and the ex tracellular cortical concentration of lactate in the third group (Lac-group, n = 11), the three groups being other wise exposed to the same procedures and levels of hem orrhagic hypotension.
Basal preparation
The rats were initially anesthetized with methohexital sodium [70 mg kg-1 ip Brietal (Lilly, Indianapolis, IN, USA)], tracheotomized and prepared with catheters in the tail artery (PE25) for arterial pressure recording, the right jugular vein (PE25) for intravenous injections and the right iliac artery (PE90) for hemorrhage. They also received a bolus of a-chloralose [50 mg kg-1 iv; a solu tion of 25 mg ml-1 chloralose and 50 mg ml-1 Na 2 B407 (borax)] and a continuous chloralose infusion (40 mg kg-1 h-1; a solution containing 8 mg ml-1 chloralose, 16 mg ml-1 Na B407, and 6 mg ml-1 NaCl; infusion rate 4.5 ml kg -1 h -1 through a side-branch of the tail artery cathe ter). Rectal temperature was continuously monitored and maintained at 37SC by external heating.
Arterial pressure was measured from the tail artery with a Statham 23DC pressure transducer and HR from the pulse signals with a rate meter, MABP being obtained by electronic filtering. The variables were recorded on a Grass polygraph, and also fed to a microcomputer that recorded the mean signal levels during 100 s intervals every other minute.
The method for SEP recording has been described in detail elsewhere (Skarphedinsson et ai., 1986) . Briefly, two brass screws were fixed in two small burr holes in the exposed skull, one over the left somatosensory area and the other on the midline just behind the lambda. The EEG was recorded from the screws (0.5-700 Hz, -3 dB), am plified and fed to the computer. The computer averaged 50 sweeps of 300 ms after a stimulus was applied (at 2-s intervals) via a small tactile stimulator fixed to the right viscus area. The averaged complex was analyzed by the computer for the amplitude of the first positive-negative deflection and the latency of the first positive peak (Fig.  1 ). Then the averaged complex was recorded on the poly graph, thus giving a display of the SEP at two-minute intervals.
CBF recordings
The method for cerebral blood flow recording with the laser Doppler technique is described in detail by Skarphe- dins son et al. (l988b). Briefly, the rat's head was fixed in a head holder. The skull bone and dura mater over the right somatosensory were removed from an area of ap proximately 4 x 4 mm with its center about 2 mm behind the bregma and 5 mm lateral to the sagittal suture.
The laser velocimetry was done by means of a PeriFlux PF2 laser Doppler flowmeter (2 mW, wavelength 632.8 � m, frequency range 20-12,000 Hz, PF-I03 probe; Per Imed KB, Stockholm, Sweden). The probe, held in a mi cromanipulator, was placed vertically to the cortical sur face with the tip 1.0 mm above the surface. The exposed cortex was then covered with physiological saline-agar, also filling up the gap between the laser probe and the cortical surface. The agar was then covered with a rubber impression material (Permlastic light body polysulphide, Kerr GmbH, Karlsruhe, West Germany). The flux signal from the laser velocimeter (LDF) was recorded on the polygraph with a time constant of 1.5 s, and also fed into the computer and handled the same way as the MABP and HR signals. The postmortem signal was considered as baseline (0%) and subtracted from LDF values. In ad dition, cerebrovascular resistance (CVR) was calculated (MABP/LDF).
Microdialysis
For measurements of the extracellular levels of purine catabolites and lactate, we used the microdialysis method (Vngerstedt, 1984) in two separate groups of rats. The microdialysis probe [in the Lac-group: CMA/IO, Carnegie Medicin, Stockholm, Sweden (Ungerstedt, 1984) , and in the PC-group (cf. Sandberg et al., 1986) ] was inserted horizontally into the right somatosensory cortex and per fused with Ringer solution (NaCl 145 mM, KCl 4 mM and Ca 2 + 1.3 mM).
In the PC-group, the perfusion rate was 2.5 I.Ll min -I, sampled for 10 min, once before hemorrhage and three times after (see below). Hypoxanthine, xanthine, adeno- 1989 sine, and inosine concentrations were determined with reversed-phase HPLC with VV detection as described earlier (Hagberg et aI., 1987) .
In the Lac-group, the perfusion rate was 3 ,.,.. 1 min -I, s � m'pled for 5 min. The sample was then diluted with 33 ,.,.. 1 distilled water. The vials were immediately put on dry ice and then kept at -30°C until analyzed. Lac concentration was determined with an enzymatic method (Noll 1984) adapted to a COBAS Bio Centrifugal Autoanalyzer (Hoffman-La Roche, Basel, Switzerland). The sample original concentration was calculated and results are pre sented as the average of 3 consecutive samples (I5-min period).
Experimental procedure
After completion of the surgical preparation, 1 h was allowed for stabilization with no additional Brietal after which the rats were heparinized [100 IV g -I H;parin, (Lovens, Malmo, Sweden)] and control measurements were performed.
The rats were then bled by connecting the iliac artery catheter to a pressurized reservoir in which the pressure was then lowered to about 45 mm Hg. This resulted in a pressure-controlled hemorrhage, maintaining MABP at the reservoir-pressure level. This low pressure was main tained until the SEP amplitude had attenuated to about 50% of control. Then the reservoir pressure was in creased to 60-70 mm Hg so as to get a stable level of attenuated SEP amplitude.
Data were continuously collected for 45-60 min after onset of hemorrhage in the CBF-group, and for 2 h in the Lac-group. In the PC-group, dialysis samples were col lected after approximately 20, 50, and 80 min of hemor rhage.
Statistics
Results from measurements of HR, SEP, LDF, CVR, purine catabolites, and lactate were analyzed by one-way analyses of variance (ANOV A) for repeated measure ments. If Bartlett's test revealed inhomogenity of vari ances, log-transformation was performed before the ANOV A. If the F-test indicated significant changes over time, Dunnett's test was used to compare posthemor rhage values with the prehemorrhage control value (0 min). In the figures, measuring points included in Dun nett's test are shown as filled circles, and symbols indi cate the significance level: *p < 0.05, **p < 0.01. Stan dard methods for correlation and regression analysis were used to compare HR and CVR in Fig. 3 .
RESULTS
In all groups, the HR and SEP responses to hem orrhagic hypotension were similar and followed a reproducible pattern, in accordance with previous studies (Skarphedinsson et aI., 1986) . Figure 1 shows typical changes in the configuration of SEP during hemorrhage hypotension. Figure 2a -c summarizes the results from the CBF-group. Hypotensive hemorrhage induced pro nounced bradycardia, which after about 30 min was gradually reversed to tachycardia (Fig. 2a) . The first SEP amplitude was attenuated to about 60% of control, and its latency increased successively from 8 ms to 14 ms (Fig. 2b) . Upon hemorrhage, the laser Doppler flux (LDF) initially decreased to about 70% of control, then tended to increase, but toward the end it again decreased slightly despite increased MABP. This is also reflected in the calculated CVR, which, after the initial autoregulatory dilator re sponse, increased considerably in parallel with the late increase in HR (Fig. 2c ). This covariation of CVR and HR after hemorrhage is more clearly dis played in Fig. 3 , where mean values of CVR after hemorrhage are plotted against the posthemorrhage mean values of HR. The correlation is highly sig nificant (p < 0.001).
Changes in CBF

Changes in extracellular concentration of purine catabolites
The results from the PC-group are summarized in Fig. 4 . After 50 min of hemorrhage, the concentra tion of all the purine catabolites increased several fold, especially hypoxanthine, indicating break down of high-energy phosphates. At the same time, SEP was attenuated and HR had become signifi- cantly higher than control. Both hypoxanthine and xanthine continued to increase, while inosine and adenosine decreased again and after 80 min of hem orrhage were not significantly different from control levels. SEP had then decreased further to about 50% of control, although MABP had increased somewhat (transfusion). In a few rats, the experi ments were extended to include even later dialysis samples. Analysis of purine catabolites in these samples indicates that also hypoxanthine and xan thine will decrease toward control levels (data not shown), while SEP remained attenuated.
Changes in extracellular lactate concentration
These changes are shown in Fig. 5 . Also shown are HR and SEP responses in this group of SHR. Lactate promptly increased upon hemorrhage, but then started to decrease again after about 30 min of hypotension, and after 2 h it was not significantly higher than before bleeding. It is interesting that this return toward control level occurred in parallel with the SEP attenuation and HR increase and thus started before the rats were partially retransfused.
DISCUSSION
The results of this study confirm earlier reports of the great susceptibility of SHR to cerebral ischemia during hypotensive hemorrhage (Nakatomi et aI. , 1981; Wennberg et aI. , 1983; Skarphedinsson et aI. , 1986) . The reason is apparently the "structural autoregulation" of the resistance vessels seen in hy pertension, which implies a media hypertrophy as sociated with a decrease of the lumen radius. This results in enhanced vascular reactivity and the vas- cular resistance is increased even at complete vas cular dilatation, implying a reduced maximal flow capacity at any given level of perfusion pressure (Folkow, 1982) . In SHR, such structural changes have also been noted in the cerebral vascular bed Johansson, 1979, 1980) , and a shift of the lower autoregulatory limit to higher pressure levels has also been observed (Barry et aI. , 1982) . On the other hand, our results in SHR indicate that a pronounced attentuation of SEP (and accumula tion of metabolites indicating metabolic failure) can be seen after only some 30% decrease in CBF, com pared with the 50% decrease reported by others in baboons and cats (Branston et aI. , 1974; Astrup et aI. , 1977; Gregory et aI. , 1979; Branston et aI. , 1984) .
In our studies, we used SEP as an indicator of cerebral function and adjusted the degree of hy potension to decrease the first positive-negative SEP deflection to about 50% of control, while mea suring CBF and extracellular concentrations of pu rine catabolites and lactate, known to accumulate during cerebral ischemia (Siesjo, 1978; Hagberg et aI. , 1987) . In the present study, SEP in the CBF group was attentuated even more promptly than in our previous study (Skarphedinsson et aI. , 1986) , perhaps because of the more extensive surgical preparation in the present study (fixation in a head holder with the head above heart level together with cranioectomy). If the SEP attenuation is primarily caused by metabolic derangements, it is probably mainly due to relative ischemia in the cerebral cor tex because the resistance to ischemia seems to be greater in deeper parts of the somatosensory path way (Branston et aI. , 1984) .
CBF was measured with the laser Doppler tech nique (LDF), which gives a continuous recording of blood flow in a small tissue volume at minimal in terference with the tissue. In a separate study, we have compared this method with hydrogen clear ance curves, recorded in the somatosensory cortex during hypotensive hemorrhage, and found a good correlation between relative CBF changes mea sured with the two methods (Skarphedinsson et aI. , 1988b) . In response to a hemorrhage-induced MABP reduction to 40--50 mm Hg, LDF decreased to 70--75% of control. According to our results, comparing LDF with results from hydrogen clear ance curves, this would imply an absolute flow of about 110 ml min -I 100 g-I in the high-flow com partment, 20 ml in the low-flow compartment, and a weighted mean flow in both compartments of about 60 ml min-1 I00 g-1 (Skarphedinsson et aI. , 1988b) . Direct comparisons with the results of Branston and co-workers (Branston et aI. , 1974 (Branston et aI. , , 1984 Astrup et aI. , 1977) are difficult because they studied another species. These authors noted electrical failure at cortical blood-flow levels of 15-20 ml min -1 100 g-I in the baboon «50% of control). Our result thus indicates a much smaller decrease in blood flow associated with marked functional impairment.
The reasons for this discrepancy are not known, although the higher metabolic rate in rats than in cats or baboons would suggest higher blood supply demands. It is well known that metabolic rate (per unit weight) increases proportionally to the body surfacelbody weight ratio, and much speaks in fa vor of a similar relationship when cerebral metabo lism is considered. Thus, rats probably have the highest metabolic rate of these species and, conse quently, also the highest CBF during normal situa tions (Siesjo, 1978) . Another reason might be the different methods used for decreasing blood flow. Branston and co-workers used a combination of middle cerebral artery occlusion and hypotension, while we only use general hypotension. On the other hand, Gregory et al. (1979) also used only hypotension and found a threshold for transmission failure at a slightly higher flow than Branston and co-workers, i. e. , when CBF had decreased to about 50% of control.
In our hemorrhaged SHR, LDF tended to in crease somewhat after the initial reduction but later, when HR started to increase, LDF decreased again. This pattern was more obvious when CVR was examined, showing an interesting close corre lation between CVR and HR. In our previous study, we noted a close correlation between HR and renal sympathetic nerve activity (SNA) during hypoten sive hemorrhage (Skarphedinsson et aI. , 1986) . Thus, to the extent that the renal SNA may also reflect sympathetic activity to the well-innervated circle of Willis and large cerebral arteries, the late CVR increase may be a consequence of increased sympathetic discharge also to these vessels, whereas the initial CVR decrease would reflect the combined effects of 'myogenic' autoregulatory va sodilatation, accumulation of local vasodilatatory substances and reduced sympathetic vasoconstric tor activity. It has been shown by Harper et al. (1972) and Fitch et al. (1975) that increased SNA to the circle of Willis and large cerebral arteries can shift the lower autoregulatory limit to higher pres sure levels and thereby further decrease CBF, if MABP is already below the lower autoregulatory limit for CBF.
The late rises in HR, SNA and CVR in our ani mals are probably consequences of ischemia in the bulbar cardiovascular centers, reflecting the power ful "cerebral ischemic response" elicited in the ventrolateral oblongate medulla (M'Dowall, 1933; Guyton, 1948; Dampney et aI., 1979 Dampney et aI., , 1980 . Thus, after about 15-20 min of hypotensive hemorrhage, there seems to be an activation of a positive feed back mechanism, initiated by ischemia and, via in creased SNA, perhaps causing a further decrease in CBP and accentuated ischemia. It is our experience that if we do not increase MABP somewhat when HR is rising above prebleeding levels, then the EEG turns flat and SEP disappears within a few minutes (Skarphedinsson et aI., unpublished observations) .
During ischemia, lactate accumulates, pH falls, and ATP is catabolized to AMP, IMP, adenosine, inosine, hypoxanthine, and xanthine (Siesjo, 1978) . In the present study, we have measured changes in lactate and purine catabolites in the extracellular compartment of the cerebral cortex with the mi crodialysis technique (Delgado et aI., 1972; Zetter strom et aI., 1982; Ungerstedt, 1984; Van Wylen et aI., 1986; Hagberg et aI., 1987) . Recent observa tions (Benveniste et aI., 1987) indicate that CBP may be acutely abnormal for a considerable period after the insertion of a microdialysis probe. There fore, direct relation of the dialysis results to the SEP and CBP recordings in the other hemisphere, or in other animals, should be made with caution. In addition, it has been observed that varying P02 in the dialysis medium can affect the accumulation of adenosine (but not inosine or hypoxanthine) during seizures (Park et aI., 1987) . Thus, it is possible that the high P02 in the dialysis medium (exposed to room air) in our experiments has offset the decrease in cerebral oxygen delivery due to the hypotension, and thus the accumulation of metabolites. Never theless, the rises in purine catabolites and lactate seem to reflect the relative ischemia, as also indi cated by changes in the other recorded parameters. The initial concentrations are comparable with pre vious observations but they did not increase to the same extent as in a more severe ischemia model (Hagberg et aI., 1987) . Purther, our results confirm the results of Hagberg et ai. (1987) concerning the conversion of hypoxanthine to xanthine in the rat brain. It has been claimed that xanthine oxidase is not present in the rat brain (Santos et aI., 1968 ) and xanthine should be formed from guanylate metabo lism (Kleihues et aI., 1974) , though xanthine oxi dase activity was recently observed in brain capil laries (Betz, 1985) .
The formation of xanthine and uric acid by xan thine oxidase is a source of free radical formation, which may be important for the development of ischemic and postischemic damage (Demopoulos et al., 1980; Taylor et aI., 1985) . Thus, brain levels of hypoxanthine and xanthine have been shown to be related to the degree of irreversible cell damage af ter hypoxia (Harkness and Lund, 1983) . In addition, the increase of hypoxanthine and xanthine after fe tal asphyxia seems to be related to the loss of SEP (Thiringer et aI., 1982) .
The observation of reduced adenosine and ino sine levels, while hypoxanthine and xanthine levels were further increased, from 50 to 80 min of hy potension is interesting. This might indicate a par tial restoration of energy metabolism after the par tial retransfusion in the animals. Thus, adenosine and inosine may decrease because of decreased fur ther catabolism of AMP, or even resynthesis, and/ or by further oxidation to hypoxanthine and xan thine. In a few animals, an additional later collec tion of purine catabolites indicated that the hypoxanthine and xanthine levels decrease too. De spite this, SEP was further attenuated, indicating poorer cerebral function.
An interesting observation in our study is the pat tern of lactate changes during hemorrhagic hy potension. After the initial prompt rise in lactate concentration, we observed a gradual decline in parallel with the HR rise, and these changes started before the partial retransfusion of the animals. The reason for this decline in lactate is not known. One explanation might be a relative deficiency of glu cose during relative cerebral ischemia. However, this is not likely because hemorrhage is known to induce a marked increase in adrenal SN A (Victor et aI., 1986) , which results in raised circulating adren aline (Haggendal, 1986) and thus probably in creased blood glucose levels. Thus, as CBP is only decreased by 25-30% in our experiments, glucose deficiency is not likely to occur. In addition, in pilot experiments, we have infused glucose intra arterially continuously throughout the experiments, and this did not change the pattern of lactate changes in the microdialysis samples. A more likely explanation for the decline in lactate might be de creased lactate production due to the "barbiturate like" effect of ischemia (Astrup, 1982) , i.e., an isch emia-induced depression of cerebral function and metabolism, associated with a reduction in oxygen demand and lactate accumulation. Siesjo and Zwet now (1970) measured cerebral tissue lactate levels in rats during graded arterial hypotension and ob served little or no change until a certain pressure level (presumably correlating with the lower limit of CBP autoregulation) when a very steep rise in ce rebral tissue lactate levels were seen with further hypotension. Therefore, it is possible that the rats in our experiments are at a MABP level, just be yond the threshold level for lactate accumulation, giving a narrow margin for "adequate" and "inadequate" supply of oxygen at a certain de mand. Thus, if either the supply or demand change, lactate production will change. In our rats, CBF tends to decline, if anything, and the reason for the decline in lactate levels might be decreased oxygen demand following decreased cerebral metabolic rate due to the barbituate-like effect of cerebral ischemia.
An important question is the mechanism for the decrease of SEP late in hemorrhage. A possible ex planation might be an increased activity in specific excitatory pathways because in our previous stud ies there was a clear correlation between the HR (and renal SNA) increase and the SEP decrease. An interesting question is then whether the cardiovas cular excitation may depend on release of excitato ry amino acids, known to occur during ischemia. However, we do not think that this is the main ex planation, because metabolic derangements are probably not the primary cause of the SEP attenu ation during late hemorrhage. For example, lactate, adenosine, and inosine were at that time almost nor malized, and the hypoxanthine and xanthine levels will then probably also decrease. Furthermore, the opioid receptor antagonist, naloxone, reverses the SEP depression within 2 min without concomitant changes in cerebral blood flow Thoren, 1986, 1988; Skarphedinsson et aI., 1988a) . Perhaps the "barbiturate-like" effect of ischemia, discussed above, is due to increasing specific opioid activity, e.g. kappa-mediated (dynorphin) cortical control of thalamo-cortical sensory pathways (Goodman and Snyder, 1982) , and is, at least ini tially, responsible for the SEP depression.
In conclusion, the present results confirm previ ous reports of the vulnerability of SHR during hy potensive hemorrhage. On the other hand, our re sults in SHR indicate that a marked SEP impair ment was associated with considerably less CBF decrease than was the case in previous studies in baboons and cats. Thus, hypotensive hemorrhage leading to only 20--30% CBF decrease caused a 40--50% SEP attenuation and, further, lactate, ad enosine, and inosine were only transiently elevated. In parallel with the HR increase after 15-20 min of hemorrhage, cerebrovascular resistance rose. This may reflect increased sympathetic vasoconstrictor activity to cerebral arteries, as a consequence of the cerebral ischemic response elicited from bulbar structures. We suggest that the SEP impairment is, to a great extent, due to activation of inhibitory systems.
